Ureteropelvic junction obstruction (UPJO) is regarded as the most common congenital abnormality of the ureter. According to Murnagham, the cause of the obstruction is the abnormality in the lamina muscularis of UPJ, whereas Notley and Hanna point to the increase in collagen between the muscle bundles and elastin in the adventitia \[[@CR1]--[@CR5]\]. Maizels and Stephens claim that UPJO results from valves produced by infoldings of ureteral mucosa \[[@CR1], [@CR6]\]. On the other hand, Kiil maintains that in the fetal life, the upper ureter may be trapped behind the crossing vessels supplying the lower pole of the kidney, which hinders its development \[[@CR7]\].

Further investigations into the etiology of UPJO supported by molecular techniques and the immunochemical analysis have shown abnormalities of ureteral innervations \[[@CR8], [@CR9]\]. Other studies have indicated abnormalities of microstructure as well as functional disorders impeding the urine outflow from the renal pelvis that can be regarded as intrinsic obstruction.

Recently, research has been concerned with interstitial cells of Cajal (ICCs) at the UPJ. They were described for the first time in the gastrointestinal tract by Ramon Y. Cajal in 1893. The identification of ICCs in the human urinary tract was possible due to the discovery that the tyrosine kinase receptor c-kit was expressed on the surface of the cells. This in turn made it possible to label ICCs with antibodies to the proto-oncogene c-kit \[[@CR9]--[@CR12]\]. In order to distinguish between ICCs in the urinary tract and ICCs in the gastrointestinal tract, the former are called interstitial cells of Cajal-like cells (ICC-LCs).

The expression of connexin 43 (Cx43) indicates a potential integrating role of ICC-LCs in the propagation of pyeloureteric peristalsis. ICC-LCs are said to be involved in conducting of electrical impulses from atypical smooth muscle cells (a-SMC) to typical smooth muscle cells (t-SMC). The result is the synchronic contraction of t-SMCs propagated distally to the bladder \[[@CR13], [@CR14]\].

The observation that ICC-LCs express vanilloid receptor-like 1 protein (VRL-1/TRPV2) suggests the role they may have in the modulation of pyeloureteric peristalsis as sensors of physical and chemical stimuli \[[@CR12]\].

In cases of ureteral abnormalities, ICC-LCs can take over the function of a conducting pathway, maintaining the propagation of impulses and pyelouretic peristalsis \[[@CR12], [@CR14], [@CR15]\].

The objective of the following study is the analysis of changes in the density of ICC-LCs at UPJ in patients with congenital UPJO.

Materials and methods {#Sec1}
=====================

UPJ specimens were obtained from 20 patients aged from 8 months to 16.8 years (mean age 8.1 years), who underwent pyeloplasty for intrinsic UPJO. Patients were selected for the surgery on imaging studies and renal scyntygraphy. All cases of intrinsic obstruction were confirmed intraoperatively (extrinsic obstruction was excluded from the study).

In the control group, there were 5 patients aged from 2.4 months to 7.4 years (mean age 2.3 years) who did not show any clinical or laboratory symptoms of UPJO but underwent nephrectomy because of Wilms tumor.

A UPJ sample no smaller than 5--6 mm was taken each time. For both control and patients with UPJO, UPJ was excised with the resection margin of 2--3 mm above and below the UPJ. Each specimen was immediately fixed in 4% formalin with phosphate buffer and embedded in paraffin.

Immunohistochemistry {#Sec2}
--------------------

For the immunodetection of proteins, 4-μm-thick histologic sections were placed after deparaffinization in High pH Target Retrieval Solution (code S3308 Dako Cytomation, Denmark) and heated in a water bath (96°C) for 20 min for antigen retrieval. Endogenous peroxidase activity was blocked with 3% H~2~O~2~. Specimens were then incubated for 30 min at room temperature with Polyclonal Rabbit Anti-Human CD117, c-kit (code A4502 Dako Cytomation, Denmark). Immunoreactivity was detected by using EnVision + HRP, Rabbit (code K4008, Dako Cytomation, Denmark) and visualized by 3,3-diaminobenzidine (DAB) staining. Finally, the specimens were counter-stained by immersion in hematoxylin.

Light microscopy {#Sec3}
----------------

An optical microscope Olympus BX41 (Olympus America, Center Valley, PA, USA) with a digital camera Olympus DP/01 (Olympus America, Center Valley, PA, USA) was used in the analysis of the specimens. The end magnification was 400×. The images were processed by DP Controller Ver. 1.2.1.108 (Olympus America, Center Valley, PA, USA), a computer-assisted image analyzer.

In each specimen, 11 well-stained, oriented high-power fields of 0.136 mm^2^ each were evaluated, and the density of c-kit-positive ICC-LCs was graded. The grades: sparse, moderate, and many indicated 0--1, 2--3, and 4--8 cell bodies per high-power field, respectively.

The assessment was made by two independent investigators. As two cell types showed c-kit immunoreactivity, ICC-LCs and mast cells, the former were identified in the inner border of the circular muscle layer in parallel orientation with muscle fibers. Additionally, ICC-LCs had a fusiform cell body with a thin cytoplasm with a large oval nucleus. Mast cells, on the other hand, were found in the submucosa, muscularis mucosa, and mucosa (Fig. [1](#Fig1){ref-type="fig"}). Results were examined by Fisher's exact test, Yates' chi-square test, and t test for Pearson's correlation coefficient. A *P* value less than 0.05 was considered statistically significant.Fig. 1C-kit-positive **a** interstitial cells of Cajal-like cells in the inner border of the circular muscle layer in parallel orientation with muscle fibers and **b** mast cells dispread in mucosa

As both groups, i.e., the examined and the control one, were heterogeneous in regard to the patients' age, we tried to homogenize these groups. In the examined group, we reduced the number of cases to 7 patients with UPJO, aged 8 months--5.2 years (the mean age 2.2 years). The control group remained unchanged and it consisted of 5 patients, aged 2.4 months--7.4 years (the mean age 2.3 years). The results obtained from the homogenous groups were statistically analyzed again with Fisher's exact test, Yates' chi-square test, and *t* test for Pearson's correlation coefficient. A *P* value less than 0.05 was considered statistically significant.

Results {#Sec4}
=======

The number of fields with few ICC-LCs (0--1) was significantly lower in obstructed UPJ specimens than in control samples (*P* = 0.0122). The number of fields with many ICC-LCs (4--8) was significantly higher in obstructed cases than in normal UPJ (*P* = 0.0004). No statistically significant difference was found with respect to the moderate grade (Table [1](#Tab1){ref-type="table"}, Fig. [2](#Fig2){ref-type="fig"}).Table 1The comparison of the number and percentage of the fields with sparse, moderate, and many interstitial cells of Cajal-like cells in patients with congenital ureteropelvic junction obstruction and control groupTotal fields no.ICC-LCs-sparse (0--1) fields no.ICC-LCs-moderate (2--3) fields no.ICC-LCs-many (4--8) fields no.UPJO group220 (100%)56 (25.5%)100 (45.5%)64 (29%)Control group55 (100%)24 (43.6%)27 (49.1%)4 (7.3%)Difference (*P*)\<0.05NS\<0.05*no*. number, *ICC-LCs* interstitial cells of Cajal-like cells, *NS* not statistically significantFig. 2The comparison of the percentage of the fields with sparse, moderate, and many interstitial cells of Cajal-like cells in patients with congenital ureteropelvic junction obstruction and control group

In normal UPJ, no statistically significant correlation between the density of ICC-LCs and the patient's age was observed. In obstructed UPJ specimens, the correlation was found significant: the number of ICC-LCs was decreasing with the rising age (*R* = −0.6167, *P* = 0.0038) (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3The correlation between age of the patients with congenital ureteropelvic junction obstruction and number of interstitial cells of Cajal-like cells

The comparison of the percentage of the fields with sparse, moderate, and many interstitial cells of Cajal-like cells in the homogenized groups yielded a result similar to that obtained in the entire examined group. In the homogenized groups, the number of fields with few ICC-LCs (0--1) was significantly lower in obstructed UPJ specimens than in control samples (*P* = 0.0003). The number of fields with many ICC-LCs (4--8) was significantly higher in obstructed cases than in normal UPJ (*P* \< 0.0001). No statistically significant difference was found with respect to the moderate grade (2--3 ICC-LCs).

The analysis of the correlation between the patients' age and the number of interstitial cells of Cajal-like cells in the group of 7 patients (after homogenization) indicated that the older the patient, the lower the number of ICC-LCs. The correlation was found statistically significant (*P* = 0.0416, *R* = − 0.7730).

Discussion {#Sec5}
==========

Increased expression of c-kit-positive ICC-LCs in congenital UPJO may indicate the development of a compensatory mechanism for the failure of urine to be propelled from the renal pelvis through the ureter. This surprising result entails the following hypothesis: If the lower density of c-kit-positive ICC-LCs in UPJ is not the cause of UPJO, then the abnormality may result from the abnormal distribution of c-kit-positive ICC-LCs in patients with congenital UPJO. However, this abnormal distribution was not found in our patients with congenital UPJO. In the obstructed UPJ specimens with a large number of c-kit-positive ICC-LCs, the fields with no c-kit-positive ICC-LCs were statistically rarer.

In 1992, Starr indicated muscular hypertrophy and the markedly increased number of UPJ longitudinal muscle bundles in infants with UPJO as compared to healthy babies \[[@CR16]\]. In 1996, Seremetis and Maizels reported increased transforming growth factor-β (TGF-β) expression in the renal pelvis in patients with UPJO \[[@CR1], [@CR9], [@CR17], [@CR18]\].

Ekinci et al. indicated increased amplitude and frequency of spontaneous renal pelvic contractility as a response to UPJO. The above increase may be, according to the study, a consequence of overactivity (hyperactivity) and growth of pace-making cells \[[@CR19]\].

Bearing in mind the role of ICC-LCs in the propagation of electrical events and in the modulation of neurotransmission, the increase in their number and activity as a consequence of UPJ muscular hypertrophy seems natural.

Our observations are in disparity with Solari et al.'s and Yang et al.'s findings, who indicated the decreased density of c-kit-positive ICC-LCs in children with UPJO \[[@CR10], [@CR20]\]. It seemed to us at first that the differences in the results could be attributed to the differences in the mean age of the examined patients. However, the results we obtained for the homogenized group involving 7 patients aged 2.2 years on average, the mean age being similar to that in Solari et al. (2.3 years), were the same as the ones observed for the entire group. Furthermore, the correlation between the patients' age and the number of interstitial cells of Cajal-like cells was more conspicuous in the 7-patient group than it was in the large group of 20 patients (fewer cells were observed in older patients). Yang et al. do not provide the value of the patients mean age; therefore, we could not compare our results with theirs.

Perhaps the differences between our results and those reported by Solari et al. and Yang et al. can be explained referring to the observations on animal data. Chang et al. as well as Der et al. (both quoted by Yang et al.) indicated considerable plasticity of Cajal cells in the temporary obstructed small intestine or inflammation-induced motor dysfunction of the small bowel. Their observations suggest that bowel obstruction results in changes in c-kit expression on ICCs rather than in changes of their density \[[@CR20]--[@CR22]\]. It is not unlikely that similar processes take place in the urinary tract. If so, then the differences between our results and those obtained by Solari et al. and Yang et al. may be connected with the change in c-kit expression on ICCs resulting from a different degree or different duration of an obstruction rather than with the density of ICCs.

Kuzgunbay et al.'s observations regarding the effects of acquired ureteral obstruction on the number and morphology of ICC-LCs in rats are noteworthy, too. A sudden increase in ICC-LCs to the peak level was detected in the second week following the acquisition of an obstruction. Then the number of c-kit-positive ICC-LCs gradually decreased until it reached plateau after 1--2 months \[[@CR23]\]. The results obtained in the following study seem to corroborate the above observations. The density of c-kit-positive ICC-LCs was markedly increased in patients with UPJO as compared to the control group. The number of c-kit-positive ICC-LCs was found to be decreasing with the growing age of patients, that is with the obstruction duration time. As in the control group, no correlation was found between the number of c-kit-positive ICC-LCs and the patients' age, it seems that the only explanation might be gradual regression of the changes compensating for the obstruction in UPJ.

We do believe that Wilms tumor is the main, if not the only, affliction that makes it possible to obtain the unaffected UPJ for the analysis in the control group. The limitation of our study is a low number of cases in the control group because very few patients with Wilms tumor are treated yearly in our institution. Solari et al. must have faced similar problems as their control group consisted of 7 patients \[[@CR10]\].
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